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The effects of fire and tilling on the water relations of three mesic mountain fynbos species, Leucadendron 
xanthoconus (Proteaceae), Erica cristata (Ericaceae) and Chondropetalum hookerianum (Restionaceae), 
were investigated. Measurement of the diurnal pattern of xylem pressure potential in young plants of a post-
fire community showed that tilling of the soil was associated with an increase in the availability of water, and 
with less stressed conditions in the Leucadendron and Erica plants. Chondropetalum seedlings, however, 
were equally stressed on both of these burned treatments. Relative to their mature counterparts in the 
unburned vegetation, Erica and Chondropetalum of the burned but untilled treatment were more stressed, 
whereas the Leucadendron plants showed no significant difference. The observed patterns of stress are inter-
preted in terms of the reduced vegetational cover following tilling, and the different rooting and seedling 
establishment strategies displayed by each of the investigated species. Findings of this study suggest that 
consideration of an altered water regime may be an important part of the management and conservation 
planning which regulates human impact on fynbos vegetation. 
Die invloed van brand en omploeg op die waterverhoudings van drie middelvogtige bergfynbos-plantsoorte, 
Leucadendron xanthoconus (Proteaceae), Erica cristata (Ericaceae) en Chondropetalum hookerianum 
(Restionaceae), is ondersoek. Meting van die daaglikse patroon van xileemdrukpotensiaal by jong plante in 'n 
na-brand gemeenskap het aangedui dat omploeg van die grond met 'n toename in die beskikbaarheid van 
grondwater, en 'n vermindering van waterstremming in die Leucadendron en Erica plante geassosieer is. Die 
Chondropetalum-saailinge het daarenteen dieselfde stremming op albei van hierdie gebrande proefbehande-
lings getoon. In vergelyking met hul volwasse ewekniee in die ongebrande gemeenskap, was die Erica en 
Chondropetalum plante op gebrande maar onomgeploegde behandelings meer gestrem, terwyl L. xantho-
conus plante geen betekenisvolle verskil tussen hierdie behandelings getoon het nie. Die patroon van 
stremming wat deur die ondersoekte plantsoorte getoon is, is in terme van die verminderde plantegroei-
bedekking, en die verskillende wortelgroei- en saailingvestigingstrategiee vertolk. Bevindings van hierdie 
ondersoek stel voor dat die verandering van waterregime belangrik mag wees in die bestuur- en bewarings-
beplanning wat die menslike impak op fynbos-plantegroei reguleer. 
Keywords: Chondropetalum hookerianum, disturbance, Erica cristata, Leucadendron xanthoconus, plant-
water relations 
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Introduction 
Effective management of fynbos as a commercial and 
service resource is ultimately dependent on an under-
standing of the responses of ecosystems to the distur-
bances which accompany utilization . Research into 
heathland ecosystems, especially in Mediterranean-type 
climates (Margaris & Mooney 1981; Miller 1981; Specht 
1981; Kruger et at. 1983) supports a clear mandate for 
careful management and conservation of heathland 
vegetation. Kruger (1981) invokes economic, scientific 
and ethical reasons for conservation of South African 
heath land vegetation in the Fynbos Biome. In spite of its 
inherently low productivity (Rutherford 1981) relative to 
other ecosystem types (Whittaker 1975) , this vegetation 
is important (amongst other considerations) in the 
maintenance of water catchment surfaces, as a refugium 
for many narrowly endemic plant species, and as a 
resource for the sizeable wildflower industry (Greyling 
& Davis 1989). 
Fire is the most significant natural disturbance, as well 
as the single most important agent available for manage-
ment of mountain fynbos vegetation. It is also one which 
is gradually coming to be understood in terms of its role 
in natural mediterranean-type plant communities (Gill & 
Groves 1981; van Wilgen 1982; Kruger 1983; Giming-
ham 1987), and system processes such as nutrient cycling 
and water relations (e.g. Raison 1979; van Wilgen & Ie 
Maitre 1981; Stock & Lewis 1984). Although there is a 
strong case for conservation of relatively pristine 
mountain fynbos systems, physical disturbance in certain 
forms of utilization is inevitable (e.g. see Davis 1984; 
Romoff 1986; Peterson 1988). 
Fox & Fox (1986) hypothesized that mediterranean-
type communities subjected to stressful summer drought 
and frequent natural disturbance (e .g. fire) are more 
resilient to disturbances of human origin. Because 
summer drought is often a feature of mediterranean-type 
climates, occurring at a time when ambient temperatures 
are more favourable for the metabolic processes under-
lying plant growth, water is often a factor which limits 
plant productivity in these regions (Miller 1982). Miller 
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et al. (1983) suggested that mesic fynbos is functionally 
more akin to the evergreen forests of north-western 
North America than to the chaparral , with which it is 
often compared. They suggest that like the deep-rooted 
forest species , some fynbos species are able to avoid 
drought stress by having perennial access to wetter layers 
of the soil. 
The families Proteaceae, Ericaceae and Restionaceae , 
which typify fynbos vegetation (Taylor 1978), have been 
shown to be associated with deep , intermediate and 
shallow rooting depths respectively (Higgins et al. 1987) . 
Moll & Sommerville (1985) performed a water relations 
study on coastal fynbos vegetation, comparing Leuco-
spermum parde (Salisb. ex Knight) Sweet (Proteaceae) 
and Thamnochortus punctatus Pillans (Restionaceae) as 
representatives of deep- and shallow-rooted species 
respectively. They demonstrated higher water poten-
tials, and probably a lower degree of stress , in the 
proteaceous species during summer. The different 
distribution of roots between species in a mature fynbos 
community possibly represents partitioning of seasonally 
limited water , but during the early phases of re-establish-
ment it is likely that reseeding species come into more 
direct competition for this resource. Under natural 
circumstances this would probably follow clearing by 
fire, but with the changing patterns of land use, physical 
disturbance of human origin is often an additional factor. 
The objective of this study was to identify and quantify 
differences in water stress experienced by typical 
mountain fynbos plants exposed to the different types of 
disturbance incurred by the management treatments of 
fire and tilling. 
Methods 
The experimental approach 
Species were chosen to represent the three characteristic 
fynbos families , and measurements were made during 
the summer period when drought effects were likely to 
be pronounced. An established experimental site in 
mesic mountain fynbos in the Highlands State Forest 
Reserve near Grabouw, chosen initially for its unifor-
mity of slope , topography, soil depth and vegetation 
cover, was used for the study (see Davis 1988 for a 
detailed description). Samples for the experimental 
work were taken from the following sets of vegetation: 
(a) mature lA-year-old vegetation , (b) second-year 
regrowth on a portion of the site cleared by a controlled 
burn of moderate intensity in February 1985 , and (c) 
second-year regrowth on a sub-portion of the burned 
plot which had been rotavated to a depth of approxi-
mately 100 mm 4 months after burning. The soil was 
duplex in profile, comprising an orthic loamy sand AlE 
horizon overlying a gley-cutanic silty clay loam B (sensu 
MacVicar et al. 1977) , with a gravel stone-line in 
between . Plant species chosen as subjects for the water 
relations work were: Leucadendron xanthoconus Kunth 
(Proteaceae) , Erica cristata Dulfer (Ericaceae) and 
Chondropetalum hookerianum (Mast.) Pillans (Restio-
naceae) , all obligate post-fire reseeders common in the 
study area. Implicit in the experimental treatment was 
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the difference in age between plants of the burned and 
unburned systems . 
Micro-climate of the site 
Measurements were made during the summer period , on 
February 19, 1987. An environmental monitoring system 
(MC Systems, Cape Town) provided the data which are 
used here to describe the 60-day period preceding 
sampling. Rain was monitored by a tipping-bucket rain 
gauge , and soil water status by nylon resistance blocks. 
Signals from these sensors were recorded on a daily basis 
by the system 's data-logger. 
The factory-produced nylon resistance blocks were 
checked in the laboratory for similarity of response . An 
approximate calibration was established for the full set 
by comparison of recorded output against gravimetricilly 
determined soil water content during a 6-month period 
over spring and summer. They were installed in the field 
during September 1986 by horizontal insertion into the 
walls of holes from which soil had temporarily been 
removed with minimum disturbance. The surface of the 
tilled soil was levelled in the area of the nylon blocks to 
eliminate anomalous ponding of rain water. Owing to 
the non-linearity of output relative to soil water content , 
and the problems of hysteresis in calibration (Slavik 
1974), data derived from the nylon blocks have been 
interpreted only as a comparative measure of the water 
status between tilled and untilled soil of the post-fire 
environment. Limitations of the data-logging system to 
eight moisture block channels prevented monitoring of 
soil water in the mature unburned stand . Tilled and 
untilled soils were each monitored by four probes, two at 
each of two depths (30 mm and 150 mm). 
During the measurement run (on February 19) the 
data-logger was set to record mean hourly values of: (a) 
air temperature as measured by a shielded thermistor at 
1.3 m above the soil in the 2-year-old vegetation; and (b) 
incoming solar radiation as measured by the upper 
sensor of a glass domed thermopile net radiometer 
(Middleton) . Soil water content was determined gravi-
metrically from samples collected at the end of the day. 
Experimental plant material 
To minimize the effects of spatial heterogeneity, juvenile 
material for the water relations measurements was 
sampled randomly from a relatively small area contain-
ing both tilled and untilled soil (approximately 50 m2) 
where regrowth was apparently uniform. An equivalent 
sampling area for the unburned mature vegetation was 
located approximately 30 m away. Rooting systems of 
between four and ten seedlings were inspected by 
removing each in an intact soil block , and then teasing 
away the soil. The deeper roots of L. xanthoconus were 
traced in situ by excavation. No attempt was made to 
evaluate rooting pattern in the mature vegetation . 
The decision to limit spatial extent of sampling in 
favour of microsite homogeneity does raise the question 
of representativeness of the whole populations (Hurlbert 
1984). The associated caveat on the interpretation and 
S.Afr.l. Bot. , 1990, 56(2) 
>= 
t'= 
Z 
f-
~ 
~ 
~ 
« 0 
II 
W 
~ 5: 
...J 
(5 
U) 
~ 
II 
C'J 
30 [ 
25 ~ precipitatio,n. 
20 
15 
10 
5 
oL-__ -L~~L-__ -J~L-~~~~~~~~~~ 
357 2 12 22 32 42 
DAY OF YEAR (1986/87 ) 
20,---------------------------------------, 
[lit SW% at 30 mm 
15 
10 
357 2 
~~ UNTILLED 
TILLED 
12 22 32 
DAY OF YEAR (1986/87) 
42 
20,---------------------------------------, 
~ SW% at 150 mm 
· .. f\ 15 
10 
O~~~~~UL~~~LULU~~UL~~~LU~LU~ 
357 2 12 22 32 42 
DAY OF YEAR (1986/87) 
Figure 1 (a) Daily precipitation , and (b , c) soil water content 
at two depths on the tilled and untilled soil, during the 60-day 
period preceding the experimental run. 
generalizability of conclusions should therefore be borne 
in mind. 
Plant water relations 
Plant xylem pressure potentials were measured using a 
pressure chamber apparatus (Soilmoisture Equipment , 
Santa Barbara) . Five samples from different plants of 
each species were taken from each treatment at each 
nominal sampling time, except the last one , when a 
sample of three was used. The six reading times during 
the day ranged from pre-dawn to post-dusk . A different 
set of plants was used at each sample time to ensure 
independence of samples. Stomatal conductance in 
designated sets of Leucadendron xanthoconus plants was 
also monitored throughout the day using a null-point 
diffusion resistance porometer (Li-Cor 1600). Morphol-
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Table 1 Mean water content (% of dry weight) of soil 
samples taken at the end of the sampling day. Figures 
for three depths on each treatment are followed by 
standard deviation values in parentheses (n = 7 for two 
shallower depths, and n = 3 for 370 mm unless 
indicated otherwise). Homogeneous groups A and B 
are identified by Tukey's multiple range test (95% level) 
for disturbance level 
Depth (mm) Mature Untilled Ti lled 
0-50 4.66 (2.47) 4.30 (1.33) 7.35 (1.72) 
150 8.10 (1.50)" 8.40 (2.26) 11.33 (3.80) 
370 5.94 (0.56) 5.86b 9.35 (1.27) 
Homogeneous A A B 
groups 
"n = 5; "n = 2 
ogy of the other two species (namely the small needle 
leaves of the erica, and the slender culms of the restioid), 
especially in the smaller immature individuals, preven-
ted reliable monitoring of their stomatal conductance . 
Results 
Micro-environmental data 
Figure 1 describes the patterns of precipitation and soil 
water content during the 60-day period preceding the 
experimental run . While the soil at 150 mm depth was 
clearly less prone to drying during the summer period 
when physically disturbed , tilled surface soil (probes at 
30 mm) tended to be drier. The record also indicates that 
a rainy period 10 days prior to the run probably caused 
stressing to be milder than the potential extreme, but 
previously collected data (Davis 1988) show that summer 
precipitation can typically be in excess of that recorded 
for this study. Analysis of soil water redistribution , 
based on the daily rates of change at the probes, showed 
that the maximum rate of change in soil wetness at 30 
mm depth was up to three times as rapid in the untilled 
soil as in the tilled . Table 1 shows the moisture content 
of the soil as measured gravimetrically at the time of the 
experimental water relations run . A two-way ANOV A 
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Figure 2 Logged measurements of ambient air temperature 
and solar radiation made during the experimental run of 
February 19 , 1987. 
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on these latter data indicates that the differences 
between soil water content are significant with respect to 
both disturbance level and soil depth. A multiple range 
test of disturbance level (Tukey; 95% confidence level) 
places the wetter tilled post-fire soil in a homogeneous 
group different from that containing the other two 
treatment levels . Solar radiation and ambient air 
temperature on the day of the run, are plotted in Figure 
2. Both of these traces reflect a mid-morning cloudy 
period . 
Rooting habits 
Leucadendron xanthoconus seedlings were observed to 
have maximum rooting depths greater than 300 mm, 
while a single individual had roots traceable to 800 mm 
which penetrated the dense B-horizon using channels 
left by plants of a previous generation . Roots of 
Chondropetalum hookerianum and Erica cristata, on the 
other hand, had maximum lengths of 100 mm, with more 
prolific branching of the ericaceous roots, and the 
presence of adventitious roots in the restioid. Typical 
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plant heights in the immature vegetation were : 120 mm , 
100 mm and 80 mm for L. xanthoconus, E. cristata and 
C. hookerianum respectively . 
Xylem pressure potentials 
The relatively high water potential values (close to zero) 
obtained for the pre-dawn and post-dusk samples 
suggest that all three species were relatively unstressed, 
irrespective of disturbance type . Figure 3 shows the 
pattern of xylem pressure potential which developed in 
each species and on each treatment level during the day . 
(Due to logistical problems the first two sample times 
were omitted for Erica cristata .) Statistical tests were 
therefore performed on the last four sample times for 
each species to allow for unbiased comparison of three 
species. Results of the two-way ANOV A's for the pair-
wise comparison of treatment levels using time of day 
and treatment level as the two experimental factors , are 
summarized in Table 2 for each species. Comparison of 
xylem pressure potential values between species growing 
on similarly disturbed soil indicated that C. hookerianum 
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Figure 3 The measured diurnal pattern of mean xylem pressure potential for each species (line graphs) , and one standard 
deviation on the same scale (bar chart), for each appropriate sample set as indicated in the legend. 
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Table 2 Comparisons of xylem pressure potential 
(XPP) measurements made on February 19, 1987. XPP 
in plants of the undisturbed post-fire community is 
compared pair-wise with those measured in plant sets 
of the other treatment levels. Each species is treated 
separately in a two-way ANOVA (time and treatment as 
factors). An asterisk indicates significance (p < 0.05), 
while the computed p value is given in parentheses. NS 
indicates a non-significant difference 
Leucadendron Erica Chondropctalum 
xanthoconus cristata hookerianum 
Untilled NS 
vs ma ture (0.296) (0.009) (0.0002) 
Untilled NS 
vs tilled (O.OOS) (0.004) (O.93S) 
had significantly lower water potentials than the other 
two species on all three treatments (Tukey multiple 
range test at 95% confidence level). 
The diurnal pattern of leaf conductance with respect 
to wate r vapour loss in L. xanthoconus is shown in Figure 
4 . Individual maximum conductance values measured 
during the day were 0.76 , 1.04 and 1.14 cm S·1 for the 
mature , untilled and tilled treatments respectively. The 
extreme variability between plants , especially the 
younger ones in the post-fire environments , prevented 
identification of statistically significant differences 
between treatments. The results do however indicate the 
range of leaf conductance values , their pattern of change 
through the day and trends between treatments. The 
trends suggest that seedlings may have higher leaf 
conductances than mature plants. 
Discussion 
Soil water 
Measures of soil water content on the different 
treatments indicate that disturbance significantly alters 
the soil water regime during the dry summer period 
(Figure 1, Table 1). Output from the 30-mm depth soil 
moisture blocks showed a quicker and greater response 
to summer precipitation in the untilled soil , but the 
limited replication makes this pattern difficult to 
interpret. Hillel (1980) referred to work which shows 
layering to be important in the infiltration of water into 
dry soil, both with regard to the rate of infiltration and 
the uniformity of the wetting front. If channels of high 
hydraulic conductivity occur in undisturbed post-fire 
fynbos soil , perhaps formed at the site of decayed roots 
from the pre-fire vegetation , then physical disturbance 
may be associated with an altered pattern of infiltration 
and wetting. 
There is an apparent reversal of relative wetness 
values between the gravimetrically determined and the 
remotely logged data in the tilled and untilled near-
surface soils of the post-fire plots. This is probably 
because gravimetric samples represent integration over 
the 0-50-mm layer of topsoil , whereas resistance blocks 
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Figure 4 Pattern of leaf conductance in L. xanthoconus 
plants of the mature community , and for seedlings growing on 
tilled and untilled soil in the post-fire area . Line graphs 
(below) each represent the arithmetic mean conductances of 
three leaves measured repeatedly , while the bar graph above 
shows one standard deviation on the same scale. See Figure 3 
for th e legend of codes . 
derive their electrical properties from their immediate 
environments . Extreme drought at the surface of the 
tilled soil, with its lack of mulching litter , could account 
for the observed pattern. 
The general increase in soil water at all depths 
recorded for the tilled soil is probably due mainly to a 
reduction of transpiring plant cover on the physically 
disturbed soil. This is parallel to the agricultural practice 
of fallowing, and places surviving plants at an advantage 
with regard to the availability of the conserved water. In 
a fynbos agricultural context however, this benefit may 
be offset by upset patterns of infiltration , with possible 
implications for erosion of surface soil (Spomer & 
Hjelmfelt 1987) . Another disadvantage of increased soil 
water during the warmer summer months may be the 
creation of a favourable environment for potential plant 
pathogens such as Phytophthora cinnamomi (Malajczuk 
& Glenn 1981), which von Broembsen (1984) found to 
be widely distributed in the south-western Cape, occur-
ring on both cultivated land and in natural veld , but 
excluded from drier areas. 
Plant water relations 
In comparing mature to untilled post-fire vegetation, the 
relatively deep-rooted L. xanthoconus seedlings are seen 
not to be significantly different from their mature 
counterparts with regard to the stress they experienced 
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through the day. This was not true of E. cristata and C. 
hookerianum however, whose mean xylem pressure 
potentials were significantly lower (namely plants were 
more stressed) in the untilled post-fire environment. 
These observations suggest that whereas the two 
shallower-rooted species (E. cristata and C. 
hookerianum) have a limited capacity for acquiring soil 
water during this portion of their establishment phase , 
L. xanthoconus is able to generate a relatively effective 
root system , able to tap the more remote water. 
Comparison of plant water relations in the two post-fire 
environments indicates that the additional 'fallow ' water 
of the tilled soil was effective in relieving some of the 
diurnal stess experienced by L. xanthoconus and E. 
cristata , while C. hookerianum was relatively stressed on 
both tilled and untilled soil. Higgins et al. (1987) , in their 
investigation of rooting systems of selected species in a 
27-year-old mountain fynbos stand, included Pro tea 
neriifolia R . Br. (Proteaceae) , Erica plukenetii L. (Erica-
ceae) , and lschyrolepis gaudichaudiana (Kunth) Linder 
(Restionaceae). They observed these species as having 
maximum rooting depth ranges of: > 3 m, 0.3-0.5 m 
and 0.1-0.4 m respectively . If the relative ranking of 
maximum rooting depth recorded by these authors is 
indicative of functional depth for water uptake , then our 
observations indicate a similar pattern of rooting 
strategy in species of the same families , regardless of 
age. Both L. xanthoconus and E. cristata plants have 
well enough developed root systems to take advantage of 
'fallow' water in their early development phases . On the 
other hand, the poorly developed roots of C. hooker-
ianum, with a tendency towards adventitiousness , are 
restricted to the top stratum of soil which is subject to 
drying by evaporation. In the undisturbed post-fire 
situation , the layer of litter mulch may be important to 
this species if it is able to take opportunistic advantage of 
light summer precipitation before it evaporates. Mooney 
& Hobbs (1986) reported that in severely drought-
stricken chaparral systems deep-rooted species were able 
to survive with no observable growth , while shallow-
rooted subshrubs performed better by being able to 
utilize the small amounts of precipitation which did 
occur. If restioids follow this latter pattern , and if 
patterns of water penetration and runoff are altered by 
physical disturbance , then survival of summer drought 
by seedlings of these species may be altered by tillage . 
The significantly higher (less negative) mean xylem 
pressure potential of the mature C. hookerianum relative 
to younger plants of the same species , suggests that 
mature plants possess a root system which has access to a 
zone either less subject to evaporative drying , or less 
populated by roots of competing individuals. 
L. xanthoconus plants in the post-fire environment 
behaved differently from mature plants in that they did 
not show the same rise in xylem pressure (relief of stess) 
associated with the period of low irradiance which 
occurred during the late morning of the experimental 
run . The data set for C. hookerianum shows that a 
similar rise occurred in plants on all treatments for this 
species (see Figure 3). (Due to the missing data, it is not 
possible to state with any certainty that a similar 
S.-Afr.Tydskr. Plantk. , 1990, 56(2) 
phenomenon occurred in E. cristata plants , although the 
xylem pressure potentials measured at the first point are 
high enough that they could represent a local peak) . The 
most obvious explanation for this relief of stress is that 
stomata of the responding plants reacted to the reduced 
insolation by closing (Willmer 1983) , hence reducing the 
transpirationalloss of water from the plant tissue . Knapp 
& Smith (1988) in a study of this type of phenomenon , 
demonstrated that the degree of water stress exper-
ienced by investigated subalpine species was positively 
related to their stomatal responsiveness to intermittent 
cloud cover. Immature L. xanthoconus plants , in 
contrast , showed no recovery of xylem pressure poten-
tials during the low irradiance period. Young estab-
lishing plants of this deeper-rooted species may be 
adapted to maximize gas exchange - namely improved 
carbon dioxide uptake at the expense of water vapour 
loss (Levitt 1980) - for accelerated root development, 
so that access to the deeper and more reliable soil water 
may be secured within the first season of growth. The 
observed overall lower leaf conductance of mature L. 
xanthoconus (Figure 4) supports this view , but better 
resolution of the data would be required to test it as an 
hypothesis. 
Conclusion 
Disturbance of a plant community by fire results in 
exposure of its component species, especially the 
obligate reseeders, to a situation in which both the plant 
and its environment are in forms very different from 
those characteristic of the relatively stable mature stand. 
For some species this is a critical nexus in the continued 
survival of the population. It is suggested by the plant-
water relations of this study that this phase of the cycle is 
relatively stressful for the shallower-rooted ericoid and 
resti6id species , while quicker-establishing proteoids are 
able to avoid that stress by reaching water unavailable to 
other plants of the young community. When soil is physi-
ca lly disturbed , however , reduction of competition 
relieves stress in all but the very shallow-rooted restioid . 
The altered water status of disturbed fynbos soil may 
therefore be of direct importance to any marginal 
agricultural activity (e .g . the wildflower industry) by 
relieving the effects of summer drought on deeper-
rooted species . Other potential effects of this type of 
perturbation , such as increased susceptibility to erosion , 
alien plant invasion , and pathogenic microfloral activity , 
are as yet not well understood or quantified , and are 
deserving of attention . 
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